To measure high-sensitivity C-reactive protein (hsCRP) levels and to assess the presence of metabolic syndrome (MS) after puerperium in women diagnosed with various hypertensive disorders during pregnancy (HDP), a consecutive, cross-sectional case study at the 15th week after gestation. The sample consisted of 264 women who were admitted to a women's hospital. The diagnoses consisted of transient gestational hypertension (TGH¼43.2%), preeclampsia (PC¼29.5%), chronic hypertension (CH¼20.1%) and PC superimposed on CH (7.2%). A diagnosis of previous hypertension was present in 45.8% of the CH group. The prevalence of MS was 16.7% (CH¼42.1%, TGH¼13.9%, PC¼4.1%, Po0.001). The average hsCRP levels for the CH, TGH and PC groups were 3.79±2.76, 3.55±3.15 and 2.89±3.02, respectively (P¼0.040). The levels of hsCRP were higher in women with MS (4.71±3.15 vs. 3.01±2.88 mg l À1 in those without MS, Po0.001), and they increased when a higher number of MS criteria was fulfilled (Po0.001). The results demonstrated a positive correlation between hsCRP levels and body mass index (BMI) (r¼0.46), waist circumference (r¼0.50) or the number of fulfilled MS criteria (r¼0.56). The results suggest differences in vascular risk that depend on the type of HDP and on the prevalence of MS. The prevalence of MS was notably higher in the CH group, intermediate among the TGH group and much lower in the PC group. Differences in hsCRP levels also depended on the type of HDP (higher levels in CH and TGH patients in comparison with PC patients). Women with MS had higher hsCRP levels compared with women without MS, and the levels correlated with the number of MS criteria fulfilled. This result suggests that subclinical inflammatory status is correlated with the number of MS components present. Furthermore, hsCRP levels increased with increasing BMIs and waist circumferences.
INTRODUCTION
Hypertension, the most common medical complication that occurs during gestation, is reported in 6-10% of all pregnancies. 1 Its presence has been related to an increased risk of cardiovascular disease (CVD) in the future, although the mechanisms defining this association are not well established. Moreover, there is a lack of prospective longitudinal studies regarding how vascular dysfunction and the development of CVD could progress over time. [1] [2] [3] [4] [5] [6] [7] Thus, different reports have related the preexisting hypertension in pregnancy to a higher risk of hypertension, coronary heart disease and cerebrovascular disease later in life, as well as an earlier onset of these diseases. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Similarly, a higher prevalence of metabolic syndrome (MS) has been described to occur several years after gestation in women with prior preeclampsia (PC) or gestational hypertension in comparison with those with nonhypertensive pregnancies. 16 This syndrome is considered to be an independent risk factor for future CVD. 17 Increased plasma levels of high-sensitivity C-reactive protein (hsCRP) are considered to be inflammatory and vascular risk markers, 18 and these levels have been found to be increased during PC and gestational hypertension. 5 The cause for these augmented risks may be the long-term development of metabolic, inflammatory and vascular changes.
Hypertensive disorders during pregnancy (HDP) are classified into different types depending on the time of onset, their persistence beyond 12 weeks after childbirth and proteinuria: 1 chronic hypertension (CH), preeclampsia (PC), transient gestational hypertension (TGH) and preeclampsia superimposed on chronic hypertension (PC/CH). An accurate diagnosis of the type of HDP requires evaluation of the patient for at least 12 weeks after the end of gestation to confirm the persistence or disappearance of raised blood pressure (BP) levels. These different types of HDP may have distinct underlying pathogenic mechanisms and implications in the future development of CVD. While an elevated BP is the main physio-pathological characteristic of CH, elevated BP in PC is important to note as a sign of a multisystemic underlying disorder. 1, 5 The presence of HDP may help to identify a group of women with an increased vascular risk and a predisposition to develop cardiovascular events; this risk could be different depending on the type of HDP. The aim of our study was to evaluate the different clinical and biological vascular risk parameters in the post gestational medical appointment (at 15 weeks after delivery), to evaluate the prevalence of MS and its relation to hsCRP as an indicator of vascular risk and to investigate possible differences in these parameters and vascular risk depending on the presented form of HDP.
METHODS
This was a cross-sectional study of post gestational women 15 weeks after delivery. The study population consisted of all pregnant women diagnosed with hypertension and admitted to a women's hospital (Virgen del Rocío University Hospital, Seville, Spain) for any cause, including a healthy labor and delivery, within 16 consecutive months (2005) (2006) (2007) . The diagnosis of hypertension was made on the basis of repeated systolic BP readings of X140 mm Hg and/or diastolic readings of X90 mm Hg. 1 All patients were reviewed at 15 weeks after delivery and were classified according to the accepted criteria of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy 1 into the following groups: (1) CH, which is defined as hypertension present before pregnancy or diagnosed before the 20th week of gestation, as well as cases of hypertension diagnosed for the first time during pregnancy that do not resolve postpartum and persist longer than 12 weeks after delivery; (2) PC, which is defined as development of hypertension after 20 weeks of gestation accompanied by proteinuria of X300 mg in 24 h that are resolved after gestation; (3) TGH, that displays a similar time of onset as PC, but is not marked by proteinuria and is resolved within 3 months following delivery; and (4) PC/CH, that is diagnosed when criteria for both entities are simultaneously present in the same patient.
The persistence of hypertension at 15 weeks postpartum was assessed by selfmeasurements (at home) of BP carried out by the patient with validated devices and by measurements obtained in the office by a trained nurse with a mercury sphygmomanometer. In both cases, technical measurements of BP were . Meanwhile, we considered women who were under antihypertensive treatment to be hypertensive subjects independent of measured BP levels. We only used clinical measurements to compare BP levels among the four groups of HDP. We used the following exclusion criteria: secondary hypertension, preexisting diabetes mellitus or dyslipidemia, or the development of gestational diabetes during pregnancy. These standards were met to provide a more accurate evaluation of the vascular risk specifically attributed to BP elevation.
In each case, at 15-week postpartum evaluation, information was recorded with regard to patient characteristics and obstetric features, and the body mass index (BMI) was calculated to evaluate obesity levels. With regard to the presence of hypertension in other family members, we only considered firstdegree relatives. In relation to the subjects' smoking status, an ex-smoker was defined as one who had abstained from smoking for at least 1 full year. A biochemical blood test (following fasting for 12 h) was performed to test levels of the following: glycated hemoglobin (HbA1c) (measured by the high performance liquid chromatography (HPLC) method), glycemia (enzymatic spectrophotometry with glucose oxidase), total cholesterol (enzymatic spectrophotometry), low-(LDL) and high-density lipoprotein (HDL) levels (LDL via the Friedewald formula and HDL via enzymatic spectrophotometry), triglycerides (enzymatic spectrophotometry), apolipoproteins A1 and B (immunonephelometry), uric acid (enzymatic spectrophotometry with uricase), hsCRP (immunonephelometry) and homocysteine concentrations (HPLC). A diagnosis of MS was determined according to the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III) criteria 19 (MS criteria included at least three of the following: waist circumference 488 cm, triglycerides X150 mg dl À1 , HDL o50 mg dl À1 , BP X130 and/or X85 mm Hg and/or fasting glucose X110 mg dl À1 ).
A statistical analysis was performed using the Statistical Package for the Social Sciences software (SPSS, IBM Company). Data were expressed as the mean ± s.d. for quantitative parameters and as a percentage of the total for qualitative parameters. A statistically significant difference among data was defined using a P-value of o0.05. First, we carried out a descriptive study of the characteristics of each group. We then performed comparisons among the groups. In order to compare continuous parameters, an ANOVA was used when samples were normal, which was followed by a Bonferroni test for post-hoc analysis when appropriate. For the groups with samples that were not normal, Kruskal-Wallis and Mann-Whitney's U tests were used. A w 2 -test was used to compare the categorical parameters. Finally, we analyzed the association among different variables by means of bivariate correlation and linear regression.
RESULTS
In total, 264 pregnant women were included in this study. The general characteristics of these subjects and comparisons among groups appear in Tables 1-3 . In the CH group and the PC/CH group, 38.8 and 31.6% of women had a history of smoking (during the time of the study or in the past), respectively. Lower percentages were identified in cases of TGH (28.3%) and PC (24.4%), although no statistical differences were found among the groups. The prevalence of known hypertension before pregnancy was 52.8% in the case of the CH group and 26.3% in the PC/CH group. When we considered all women with CH (with or without superimposed PC), the prevalence of pregestational hypertension was 45.8%.
The presence of isolated PC was associated with lower BMI and lower waist circumference, with the results being statistically significantly different when we compared the PC with the CH or the TGH groups (Pp0.001). No statistically significant differences were found among the lipid profiles (except for levels of triglycerides), including rates among cholesterol parameters (total cholesterol/HDL, LDL/ HDL), apolipoproteins A1 and B, fasting glucose, HbA1c, uric acid and homocysteine. HsCRP levels were different depending on the presented HDP; levels were significantly higher in women with CH than in those in the PC group. The TGH patients also had higher hsCRP levels than the PC group, with a P value near the level of significance (P¼0.052). The prevalence of MS, according to ATP III criteria, was higher in cases of the CH patients, followed by TGH patients. The lowest prevalence of MS was found in preeclamptic women, with significant differences among the groups (Figure 1) . Sufficient criteria to fulfill a diagnosis of MS were absent in 83.3% of the patients. In patients with MS, hsCRP levels were higher than those in the group without MS. The hsCRP levels in MS patients (16.7%) were 4.71 ± 3.15 mg l À1 and were 3.01 ± 2.88mg l À1 in patients without MS (83.3%, Po0.001). We also studied the number of criteria (of the maximum of five) fulfilled by the patients (with or without MS), and its relation to hsCRP levels ( Table 4 ). Most women (61.3%) presented at least one or two of these criteria. The hsCRP levels were increased as a greater number of criteria were satisfied ( Figure 2) . Because of the small number of women in which all five criteria were presented, subjects presenting with four and five criteria were combined and considered to be a unique group for statistical analysis.
Results from analyses using bivariate correlation and a linear regression model demonstrated that hsCRP levels were positively correlated with the number of fulfilled criteria for MS (r¼0.36, o0.001), BMI (r¼0.46, Po0.001) and waist circumference (r¼0.50, Po0.001) (Figure 3) . The association between the BMI and the number of components of MS was also significant (r¼0.56, Po0.001). The parameters that were used for the regression analyses were age, smoking status, BP (systolic and diastolic), lipid profile, fasting glucose, BMI, waist circumference and number of components of MS.
DISCUSSION
On the basis of widely accepted criteria, 1 an accurate diagnosis of hypertension presented during gestation demands an evaluation at least 12 weeks after delivery to determine whether increased BP levels persist. In our study, an evaluation was carried out at 15 weeks; therefore, we retrospectively established the exact diagnosis of the hypertensive disorder present during pregnancy. Furthermore, the various measurements were determined in a basal state, and thus were not under the influence of gestation. The presence of hypertension during gestation presents an opportunity to identify women with constitutional hypertension, which was not previously diagnosed in this group of patients. An important finding of our study was the high percentage of women who remain hypertensive after pregnancy, in whom the gestation constitutes the time of such a diagnosis; therefore, more than half of the women with CH (54.2%) were not known to be hypertensive before the current gestation. Therefore, post gestational evaluation is both necessary and important in identifying this subgroup of patients, who may subsequently undergo a follow-up examination; and continued evidence of hypertension may further the need for intensive preventative measures and pharmacological treatment.
BP levels were the highest (in the range of hypertension) among women with CH; however, these levels may be lower than expected as many patients in this group were under antihypertensive treatment because of the persistence of raised BP at 15 weeks postpartum. Women with TGH showed BP levels (both systolic and diastolic) significantly higher than the PC group. Interestingly, women with TGH were in the range of prehypertension, 20 and this finding may indicate the possibility of a higher future risk of developing hypertension or target organ disease in patients with TGH. It may even indicate the possibility of an earlier onset of hypertension or target organ disease. Nevertheless, this hypothesis cannot be proven by the information currently available from long-term studies. Both PC and TGH have been related to a higher risk of hypertension in the later years of life, 5, 16 but data regarding which of these groups has a higher risk are debatable and controversial. 6, 11, 12 Various metabolic changes are normally observed in a routine pregnancy, including hyperlipidemia (for example, increased triglycerides or small-density LDL particles and decreased HDL), or a hypercoagulability and proinflammatory state. Similarly, there is a progressive increase in insulin resistance and hyperinsulinism until the third trimester (to facilitate the transfer of glucose to the fetus), which returns to normal values postpartum. 5, [21] [22] [23] [24] Insulin resistance is considered to be a key pathogenic factor in the development of MS, 18, 25 and this syndrome constitutes an independent risk factor for CVD. 17 Girouard et al. 24 found that women who had PC or TGH at a mean of 7.8 years before the time of the study showed a higher insulin resistance, according to the HOMA index, than other subjects with normotensive pregnancies. These women also demonstrated a greater rate of obesity (measured by BMI and waist circumference) and other metabolic disorders (hydrocarbonate intolerance and dyslipidemia), higher hsCRP levels and interleukin-6 as inflammatory markers, and a higher prevalence of hypertension. The same authors previously reported an augmented risk (up to three-or fourfold) of developing MS (ATP III criteria) after a hypertensive pregnancy in Abbreviations: hsCRP, high-sensitivity C-reactive protein; MS, metabolic syndrome (ATP III); P, statistical significance. Data expressed as a percentage of the total sample and mean ± s.d.
comparison with the control group, and the risk was higher in cases of TGH (fourfold increase) than in cases of PC (two-to fourfold increase). 16 Our findings related to MS prevalence are in agreement with this data, and they suggest that this augmented risk could already be present early after gestation. Changes demonstrated in normal pregnancy, which are similar to those described as vascular risk factors in the general population, may be emphasized in cases of HDP and have a role in the increased risk of future CVD observed in these patients. In this respect, an increase in insulin resistance, obesity, endothelial dysfunction, dyslipidemia, hydrocarbonate intolerance or inflammatory markers has been described during pregnancy in cases of PC. 2, 16, 21, 23, 26 Although fewer cases have been reported, TGH has also demonstrated an association with insulin resistance. 23, 26 Some authors even consider the presence of hypertension or other complications during pregnancy to indicate patients predisposed to a higher vascular risk in the future. 22 In our study, an examination of the immediate postpartum period revealed no differences in hydrocarbonate or lipid profiles with the exception of triglycerides. This finding may result from the fact that a longer follow-up period is necessary to reveal this disorder. Nevertheless, we found that patients with CH and TGH presented a higher rate of obesity, as assessed by BMI, 15 weeks after delivery in comparison with cases of PC. The CH and TGH cases demonstrated a predominantly central or abdominal obesity (measured by waist circumference) that is known to pose a higher cardiovascular risk. 19 Anyway, the obesity in the cases of CH and TGH may have been present before the current gestation and may have been a pre-pregnancy condition, 24, 27 which suggests a predisposition to MS unrelated to pregnancy. The prevalence of MS was considerably higher in cases of CH (33-42%) than in TGH cases (14%, likewise a raised prevalence) and the prevalence was low in cases of PC (only 4%). The varying rates of MS associated with each type of HDP may indicate itself that different vascular risks exist among the types of HDP during the time of the study and probably into the long-term. Data from linear regression analyses are in agreement with previously reported information and suggest that MS and insulin resistance are related to higher hsCRP levels because both are closely related to obesity (measured by BMI) and central adiposity (assessed by waist circumference). This association has been previously reported, suggesting that hsCRP is a marker for MS and endothelial dysfunction, and is related to insulin resistance. 28 The observed difference in hsCRP levels and the association between increased hsCRP levels and the presence of MS were remarkable findings in our study. To the best of our knowledge, there have been no previous studies on this subject focusing on this group of patients. The significantly greater hsCRP levels in the CH patients and the nearly significant findings in TGH (P¼0.052) in comparison with PC may indicate a basal subclinical inflammatory status in the first groups, which acts as a risk marker and may be related to the different prevalence of MS found in this study. In this respect, many studies have shown the importance of hsCRP as an indicator of CVD risk and as a predictor for the development of CVD. 28, 29 Recently, proatherogenic properties have been attributed to hsCRP, so it may have a causal role in addition to being a marker in the development of atherosclerosis. 18 In this way, patients with hsCRP concentrations less than 1 mg l À1 are considered to be at low risk of developing CVD, whereas concentrations greater than 3 mg l À1 indicate a high risk and concentrations between 1 and 3 mg l À1 indicate a medium risk. 28 Recently, the JUPITER study has supported the importance of hsCRP as a predictor for developing cardiovascular events. 30 In addition, women who had MS showed higher hsCRP levels that correlated with the number of fulfilled criteria for the syndrome, which suggests that subclinical inflammatory status increases when more components of MS are present. The association of MS and hsCRP has been previously reported, but we have not found published data relating hsCRP levels to the number of criteria for MS. In accordance with previous results, hsCRP levels were similarly correlated with a greater BMI and waist circumference. To our knowledge, there are no studies comparing the four possible types of HDP and no studies that evaluate the early vascular risk in a post-gestational evaluation. In accordance with our results, women with hypertension (as opposed to PC) may have a higher vascular risk because they have a greater incidence of smoking and a family history of hypertension, high BP, high BMI and prevalence of MS. These factors may explain the higher hsCRP levels (as an inflammatory marker) that we have found in these patients. The PC/CH group showed features of both CH and PC.
Our study also supports the theory that there is a varying risk of developing hypertension or CVD later in life that depends on the type of hypertension suffered during pregnancy. Nevertheless, more longterm and follow-up studies are needed to confirm these hypotheses and to understand the full impact of HDP with regard to future vascular risk. Finally, our results highlight the necessity of a post gestational evaluation at a minimum of 12 weeks after labor (in a basal status) to establish the exact diagnosis of HDP and to ensure the proper evaluation of vascular risk. By doing so, one can take primary preventative measures and promote lifestyle changes and can identify those women who remain hypertensive and that require pharmacological treatment, follow-up and more intensive preventive measures.
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